Learning fine motor skills is a pre-requisite for succeeding in dental practice and it is sometimes challenging for dental students. Most of the methods used in the selection process depend on evaluation of intellectual ability or structured interview while manual competence is not. However, no test on aptitude or manual dexterity is used as criteria.
INTRODUCTION
One of the most debated issues among the parameters used for selecting dental students is basic manual skill. 1 Manual skill form only a part of capabilities of future dentist, but it is a very important component. No objective practical solution has been found up to now to measure it. 2 Tests, such as perceptual motor ability, chalk carving, paper and pencil, have been used in dental admission test in US and Europe. 1 In a study done in UK at King's College Hospital, wire bending tests were used to analyze the dental skills of the student which was found to be positively correlated. 3 In a previous study, positive correlations have been noted between student performance in manual skills assessment and dental school performance. 4 Walcott et al 5 showed that the waxing test administered during the first week of classes in the dental school is a valid predictor of psychomotor performance for the first 2 years of the dental training.
Manual skills form only a part of the capabilities required of future dentists, but they are a very important component, which should be tested. 6 However, studies have shown controversial results with regards to the professional success of the dental students. Predictive admission procedures reduce dropout rates, improve average academic performance and selectively exclude applicants who are unlikely to be successful later on. 2, 7 Suitable students have a higher chance of performing satisfactorily and graduating within the anticipated time frame. Despite numerous admission procedures being developed, no adequate practical solution has been found that could be applied to the students who opt for dental studies. Various publications state that manual skills have predictive value as a screening instrument for selecting dental school students. [8] [9] [10] [11] 10.5005/jp-journals-10024-1054
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The selection of the dental students at most of the universities in the Kingdom of Saudi Arabia is mainly based on the GPA they acquired from high school. The dental school admission is based on their knowledge about science, mathematics and languages. An interview is conducted before the final selection process. However, no test on aptitude or manual skills is used as criteria. The purpose of the present study intended to evaluate the fine motor skills of beginning dental students which could in turn be used as a method of selection of students for the dental degree admission process.
MATERIALS AND METHODS
The second year undergraduate dental male students at College of Dentistry, King Saud University were selected for the study. The class student number was 75 students with only 71 students agreed to participate in the study with their age range from 19 to 21 years. The second year dental student group was selected for this study because they just have been exposed to the use of dental handpiece in the pre-clinical laboratory for tooth preparation in the operative course. The time of the study was set-up 4 weeks after the student started their operative course. By that time, they are almost done with their first tooth preparation project (class I tooth preparation for amalgam restoration). The goal is to do the test while they are in their initial training period. So, it is expected they have not yet develop hand dental skills from the continuous training throughout the courses as well as they know the basic principles of doing a class I amalgam preparation.
No training sessions or hints were given to the students prior to performing any of the three tests. The students were informed to participate in the three tests to show the best skills they can produce. Each student should undergo the three tests to be included in the study. The subjects spent 4 weeks of their operative course and had been exposed to the use of handpiece and the preparation in ivory plastic teeth. Same knowledge and close supervision were given to the entire students in the previous sections during their operative course.
Dental Laboratory Test
A well-equipped laboratory was prepared to accommodate the students at a particular time and had multiple cubicles with well-equipped dental armamentarium. The dental test was conducted by asking the student to do a class I amalgam cavity preparation on the lower right first molar ivory plastic tooth (No. #46) in a jaw model (Bensons Typodont, New Delhi, India) under the following guidelines: All the cavity walls should be prepared with high-speed handpieces using new #330 carbide bur with water and air coolant. Maximum time given for cavity preparation was 20 minutes. The prepared cavity should follow the original anatomy of the prepared tooth according to the evaluators' criteria as shown in Table 1 .
Evaluation
The evaluation was made by three faculties who are American Board Certified in Restorative Dentistry. The criteria considered for the evaluation of the tooth preparation test depended on the features used in class I amalgam preparation (Table 1 ).
Handwriting and Drawing Test
A well-accommodated classroom for the students with uniformed seats was prepared for the study. New tapering pencils type HB 2 (Staedtler, Nuernberg, Germany) and test paper size A4 (Roco, Johannesburg, South Africa) which consisted of two parts to test the quality of handwriting and drawing skills. The first part had well written Arabic question, "Why did you choose dentistry as a future career?" This question and the possible response were approved by the evaluators from the College of Education, Artistic Education Department. Students were asked to write the answer for the question in the four lines provided. The smooth, continuous and clear way of writing, including the beauty aspects of the handwriting, were the main criteria for the evaluation (Table 2) . It was graded out of 10 marks.
The second section had a smile picture which was approved by the evaluators from the College of Education, Artistic Education Department which can represent the artistic drawing skills of a student. The quality of students' drawing and the ability of balancing the pen during the drawing of lines without zigzagging are the main criteria for evaluation (Table 3) . It was graded out of 10 marks. 
Evaluation
Three faculty members from the College of Education, Artistic Education Department were involved in the writing evaluation for the handwriting section according to the criteria out of 10 marks. The grades for both handwriting and drawing tests will be out of 10 marks. Depending on the previously mentioned criteria, the students were classified into five categories as shown in Table 4 .
RESULTS
All the 71 students were included in all the three tests of the study and their results were analyzed (Figs 1 to 3) . Table  5 shows the frequency distribution of the descriptive measurements of the three tests. Majority of the students had above average scores for the three tests of the three skills.
Cross-tabulation was found to be statistically significant (p < 0.001) to compare writing and drawing skills with dental skills (Tables 6 and 7) .
A total of 16 (69.6%) of the students who had excellent drawing skills also had excellent dental skills. Only 1 student who had excellent drawing skills had poor dental skills. The difference is statistically significant (p < 0.001) as shown in Table 6 . In general, students with excellent or good handwriting and drawing skills were found to have good dental skills as well. Spearman rank correlation showed that a significant correlation exists between the handwriting and drawing skills with dental skills.
DISCUSSION
The effectiveness of several selection measures for graduate school applicants has been previously evaluated including undergraduate and other predental school 14 It is acknowledged that dental competency involves more than achievement based on core knowledge. The profession of dentistry requires clinical practice competency as well, identified in part, by dexterity and other fine-motor skills. This need for motor skill assessment has resulted in the examination of suitable measures, including standardized and/or unstandardized dexterity tests. It is hypothesized that the dexterity tests, improve the prediction of clinical practice competency. 5, 11 In the present study, evaluation of the handwriting and drawing skills of the dental students showed a significant correlation with dental skills. The observation indicates that there is a clear relationship between noncognitive level, as measured by handwriting with drawing tests, and manual ability of the dental students. This differs from the majority of earlier studies which assessed the practical aspect and concluded that it is more difficult to predict motor skill performance than academic performance. 15 While, Manhold et al 16 concluded that the performance in academic subjects was highly predictive of clinical performance. A study conducted in King's College Hospital used wire bending tests and found that a correlation between these tests and performance in the phantom head practical test exist. 17 Phipps et al 18 concluded that it was impossible to predict clinical grades compared to the prediction of academic performance. Moore and Peel 19 in their investigation showed that it is unwise to rely entirely on a school examination for selecting dental students. Recently, in a published study by Deubert 20 used paper and pencil psychometric tests for predicting performance on operative courses and show some success.
On the other hand, in a study done by Stacey 14 showed that weak correlation between the various tests in the study confirm the difficulty in finding a reliable test that can predict the likelihood of a student becoming a good dentist. That is because of many uncontrolled variables such as stress, mood, anxiety, student interest and personality which can affect result outcomes.
14 There is increasing interest in the use of ability and aptitude testing as a tool to aid in the selection and career development. Tests of general intelligence have been shown to predict educational success in most fields, as well as high occupational performance for work, in particular of a complex, high-level type. 21 The psychometric tests have 
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been used in dentistry, a profession which requires a combination of practical and intellectual ability. Dental Admission Test is mandatory for the selection process of North American dental students. 7 Assessment of the intellectual ability is done by the candidates' ability to visualize patterns and relationships and to use their hands and fingers dexterously. It has been validated in reducing student dropout rates, however, its value in assessing manual skills is questionable. 22 Studies showed no clear relationship between secondary school grades and clinical competence in medicine or dentistry. 17 It was suggested that effectiveness and success in medical or dental studies requires not only sound academic ability but also a variety of noncognitive skills and qualities, along with a positive attitude toward the profession. 23 In both dental training and the practice of dentistry, a high degree of dental skills and the ability to perform exact and partly repetitive movements would appear to be advantageous.
The results of the current study support the use of the writing or drawing test as one of the test used for the applicants for dental school admission. However, the value given to such test in the selection of students needs further investigations and consensus.
One of the limitations of this study is the sample size and it includes only male students. Further investigation may be needed which include a larger sample size and to include both male and female dental students.
CONCLUSION
The results this study suggest that it is wise to assess the dental skills along with academic ability in the selection criteria of students to dentistry courses. The strong correlation between the writing and drawing skills with dental skills support that such component may be added to the present examination system to identify the best candidates. However, these tests must be performed by welltrained testers and the characteristics of the ideal candidate must be defined in advance.
